Epithelioid sarcoma (ES) is an uncommon malignant soft tissue tumor comprising approximately 1 % of all soft tissue sarcomas. It is a slow-growing tumor occurring mainly in young adult males, predominantly affecting subcutaneous tissues, fasciae, or tendon sheaths of the extremities, with a predilection for the hands and forearms.[@CR1]--[@CR3]

Histologically, the classic type shows a distinctive nodular, granuloma-like pattern, with spindle and epithelioid cells circumscribing areas of central degeneration and necrosis.[@CR4],[@CR5] However, a subtype of ES, the proximal type, occurs mostly in deep-seated soft tissues in the truncal region and is characterized histologically by sheets of large, atypical, epithelioid cells with vesicular nuclei and prominent nucleoli, showing a rhabdoid phenotype.[@CR6],[@CR7]

Unfavorable prognostic factors for overall survival (OS) have been reported to include a proximal location.[@CR2],[@CR8],[@CR9] Recently, several authors have reported that the proximal subtype has a poor prognosis.[@CR6],[@CR7],[@CR9]--[@CR11] However, as most previous reports have involved only small case series, especially with regard to proximal-type ES, the true prognostic impact of the ES subtype remains unclear.[@CR9],[@CR12]

In the present study, we therefore investigated the prognostic value of relevant clinicopathologic variables in 44 patients with ES.

Materials and Methods {#Sec1}
=====================

Patients {#Sec2}
--------

We reviewed a prospective database for four institutions (Higashi-nihon Orthopaedic and Pediatric Sarcoma Group; HOPES) covering the period from 1991 to 2011. A total of 44 patients with a confirmed diagnosis of ES made by a specialized pathologist (AY) were analyzed. The median follow-up period was 26.5 (range 1--168) months overall. All patients or their guardians provided informed consent, according to the rules approved by the respective Institutional Review Boards.

Diagnostic Criteria for Each Histological Subtype {#Sec3}
-------------------------------------------------

The diagnostic criteria for ES were the same as those documented previously.[@CR6] Histologically, classic-type ES commonly presents as a multinodular proliferation of eosinophilic, epithelioid, and spindle-shaped cells. Usually, the lesion shows minimal cytologic atypia, with vesicular nuclei and often single and central nucleoli. Occasionally, the epithelioid cells may have a rhabdoid appearance, and tumor nodules may frequently undergo central necrosis, resulting in a pattern resembling a benign necrobiotic granulomatous process. Proximal-type ES is characterized by a predominantly large epithelioid cytomorphology, marked cytologic atypia, frequent occurrence of rhabdoid features, and lack of a granuloma-like pattern in most cases. ES with hybrid features of both classic and proximal-type ES is grouped as proximal-type ES.

Study Parameters {#Sec4}
----------------

At the time of diagnosis, local tumor extent was assessed using computed tomography (CT) and/or magnetic resonance imaging (MRI). Lymph node and/or distant metastasis before treatment was assessed using enhanced CT and/or whole-body positron emission tomography (PET)-CT. Tumor location in the distal extremity was defined as 'distal', and localization in the proximal extremity or axial trunk was defined as 'proximal'. Disease stage was classified using the American Joint Committee on Cancer/International Union Against Cancer TNM staging system version 7 (AJCC stage).[@CR13] Histological grade was assessed using the French Federation of Cancer Centers (FNCLCC) grading system.[@CR14]

Treatment {#Sec5}
---------

Thirty-three patients without distant metastasis at presentation (M0) underwent surgical treatment of the primary tumor with curative intent, which comprised wide resection in 14 patients, additional wide resection in 9 patients, and amputation in 10 patients. Regional lymphadenectomy was performed in 12 patients who had regional lymph node swelling. Six of these 12 patients were found to have regional lymph node metastases, and the remaining 6 were found to be negative after histological examination. The surgical margins were microscopically negative in 24 (73 %) patients, positive in 8 (24 %) patients, and not available (NA) in one patient. Adjuvant therapy included preoperative radiotherapy in 2 patients (6 %), postoperative radiotherapy in 4 (12 %) patients, pre-/postoperative systemic anthracycline-based chemotherapy in 1 patients (3 %), and postoperative chemotherapy in 2 patients (6 %).

Eleven patients (25 %) with distant metastasis at presentation (M1) received palliative treatment with various types of chemotherapy consisting of doxorubicin and/or ifosfamide, radiotherapy, and/or surgery.

Statistical Analysis {#Sec6}
--------------------

In order to compare the differences in clinicopathological features between classic- and proximal-type ES, the *χ*^2^ test was employed. Local recurrence-free survival (LRFS), distant metastasis-free survival (DMFS), and OS were calculated from the clinical databases using the Kaplan--Meier method. Patients with M0 tumors were evaluated for LRFS, DMFS, and OS from the date of definitive surgery until the most recent follow-up, recurrence, or death. All patients were evaluated for OS from the date of diagnosis at our institutions until the most recent follow-up or death. The log-rank test was used to compare the survival curves for the different subgroups of patients to establish the potential prognostic value of various factors. Stepwise multivariate Cox regression analyses were performed to identify prognostic factors that were significant. Prognostic factors with statistical significance (*p* \< 0.05) in the univariate analysis were included in the multivariate analysis. Statistical analysis was performed using the PASW statistics 18 package (SPSS Inc., Chicago, IL, USA).

Results {#Sec7}
=======

Clinical Features {#Sec8}
-----------------

Thirty patients (68 %) were male and 14 (32 %) were female. The median age at the first visit to our hospitals was 37 (range 6--69) years. Twenty tumors (46 %) were located in distal extremities (forearm, seven; hand, four; finger, five; lower leg, one; foot, three), eight (18 %) in proximal extremities (upper arm, one; axilla, two; buttock, two; thigh, three) and 16 (36 %) in the trunk (paravertebral region, two; back, two; abdominal wall, two; inguinal region, five; perineum, five;). Thirty-one tumors (70 %) were deep-seated, 12 (27 %) were superficial, and 1 (3 %) was not evaluable. Seven of 12 superficial tumors occurred in the inguinal or perineal region. The median tumor size was 5 (range 1--17) cm; 25 lesions (57 %) were primary, whereas 19 (43 %) were recurrent. On the basis of AJCC staging, 18 cases were stage II, 12 were stage III (including 6 with N1M0), 11 were stage IV (5 with N1M1), and 3 were not evaluable.

Histological Features {#Sec9}
---------------------

FNCLCC grade was assessed in all 44 cases: 32 cases (73 %) were grade 2, and the remaining 12 (27 %) were grade 3. Twenty-eight cases (64 %) had hemorrhage, 12 (27 %) had vascular invasion, 6 (14 %) had perineural invasion, and 6 (14 %) had reactive bone formation.

Immunohistochemical studies showed that pan cytokeratin AE1/AE3 reactivity was present in all 44 cases. CD34 was positive in 28 (74 %) of 38 cases that were examined, and S-100 was minimally positive in 4 (14 %) of 24 cases that were examined. Loss of expression of INI1 was evident in all (100 %) of the 29 cases where this was examined.

Twenty-six cases (60 %) were diagnosed as classic-type ES and 18 (40 %) were diagnosed as proximal-type ES. Comparisons between the two histologic types revealed that the proximal type was significantly correlated with a proximal location (*p* \< 0.001), distant metastasis at presentation \[M1\] (*p* = 0.031), presence of rhabdoid cells (*p* = 0.002), a higher tumor grade (*p* = 0.045), and vascular invasion (*p* = 0.007) (Table [1](#Tab1){ref-type="table"}). Proximal-type ES also showed a higher incidence of N1 disease (proximal-type 39 % vs. classic-type 15 %), although statistically this was not significant (*p* = 0.093) (Table [1](#Tab1){ref-type="table"}).Table 1Various clinicopathological variables in cases of classic- and proximal-type epithelioid sarcomaVariableTotal (*n*)Classic type (*n*)Proximal type (*n*)*p* ValueSex1.000 Male301812 Female1486Age at presentation (years)0.761 ≤3016106 \>30281612Location\<0.001 Distal20191 Proximal24717Depth (*N* = 43)0.168 Superficial1257 Deep312110Tumor size (cm) (*N* = 39)0.209 ≤522157 \>51789Stage (*N* = 30)0.255 II18144 III1275N0/N10.093 N0332211 N11147M0/M10.031 M0332310 M11138Rhabdoid cell0.002 Not present20173 Present24915FNCLCC grade0.045 2322210 31248Vascular invasion0.007 Not present32239 Present1239*FNCLCC* French Federation of Cancer Centers

Local Recurrence {#Sec10}
----------------

Among the 33 patients with M0 tumors who underwent curative surgery, local recurrences were noted in 10 (30 %). The LRFS rates at 2 and 5 years were 82 and 62 %, respectively (Fig. [1](#Fig1){ref-type="fig"}a). The median interval from surgery until the first local recurrence was 25 (range 4--165) months. Three of these ten patients developed both local recurrence and distant metastasis simultaneously.Fig. 1**a** Local recurrence-free survival rates for the 33 patients with M0 tumors were 82 and 62 % at 2 and 5 years, respectively. **b** Distant metastases-free survival rates at 2 and 5 years were 56 and 35 %, respectively. **c** Overall survival rates for the 44 patients overall were 70 and 45 % at 2 and 5 years, respectively. **d** Overall survival rates for the 33 patients with M0 tumors were 81 and 57 % at 2 and 5 years, respectively, and those for the 11 patients with M1 tumors were 33 and 0 %, respectively (*p* \< 0.001). **e** Overall survival rates for the 26 patients with classic-type epithelioid sarcoma were 81 and 53 % at 2 and 5 years, respectively, and those for the 18 patients with proximal-type epithelioid sarcoma were 53 and 33 %, respectively (*p* = 0.124)

Univariate analysis showed that a proximal tumor location (*p* = 0.020), superficial localization (*p* = 0.026), lymph node metastasis at presentation (N1) (*p* = 0.005), and a positive surgical margin (*p* = 0.036) were all correlated with LRFS. There was a tendency (*p* = 0.052) for an increased incidence of local recurrence in proximal-type ES relative to classic-type ES. Multivariate analysis showed that tumor depth (*p* = 0.040) and lymph node metastasis (*p* = 0.013) remained independent prognostic factors for LRFS (Table [2](#Tab2){ref-type="table"}).Table 2Univariate and multivariate analysis of factors influencing local recurrence-free survival in 33 patients with M0 tumorsVariableNo. of casesUnivariate analysisMultivariate analysis2-year LRFS rate5-year LRFS rate*p*-ValueHR95 % CI*p* ValueSex0.348 Male2483.169.3 Female977.846.7Age at presentation (years)0.838 ≤301172.772.7 \>302286.457.6Location0.020NS Distal1810075.0 Proximal1558.746.9Depth0.0260.2600.072--0.9410.040 Superficial1154.543.6 Deep2295.271.4Tumor size (cm) (*N* = 30)0.425 ≤5207560.0 \>51088.971.1Stage (*N* = 30)0.168 II1888.972.7 III1264.848.6N0/N10.0055.7141.436--22.7390.013 N02792.669.4 N1633.3NAMorphological subtype0.052 Classic type2391.370.2 Proximal type1058.343.8FNCLCC grade0.265 2278566.8 3666.744.4Surgical margin (*N* = 32)0.036NS Negative2487.574.0 Positive862.531.3Adjuvant radiotherapy0.547 Done683.383.3 Not done2781.359.6Adjuvant chemotherapy0.201 Done3100100 Not done3079.757.0*NS* not significant, *HR* hazard ratios, *95 % CI* 95 % confidence interval

Distant Metastasis {#Sec11}
------------------

Distant metastases occurred in 32 (73 %) patients. The sites of metastasis at initial presentation included distant lymph nodes in 13 patients, the lung in 12 patients, lymph nodes and lungs in 4 patients, lung and muscle in 1 patient, the lung, liver and scalp in 1 patient, and bone in 1 patient.

Twenty-one (64 %) of the 33 patients with M0 tumors developed metastasis after a median period of 20 (range 6--122) months. The DMFS rates for these patients after 2 and 5 years were 56 and 35 %, respectively (Fig. [1](#Fig1){ref-type="fig"}b). Univariate analysis showed that only lymph node metastasis at presentation (*p* = 0.003) was a significant prognostic factor for DMFS, and this remained significant after multivariate analysis (*p* = 0.005) (Table [3](#Tab3){ref-type="table"}).Table 3Univariate and multivariate analysis of factors influencing distant metastases-free survival in 33 patients with M0 tumorsVariableNo. of casesUnivariate analysisMultivariate analysis2-year DMFS rate5-year DMFS rate*p* ValueHR95 % CI*p* ValueSex0.321 Male2442.637.3 Female977.831.1Age at presentation, years0.847 ≤301145.534.1 \>302261.834.6Location0.972 Distal1854.529.2 Proximal1558.241.6Depth0.906 Superficial1145.536.4 Deep2261.232.6Tumor size (cm) (*N* = 30)0.708 ≤52050.031.2 \>51056.342.2Stage (*N* = 30)0.255 II1855.641.7 III1246.923.4N0/N10.0034.1011.508--11.1550.006 N02764.943.7 N1616.70Morphological subtype0.937 Classic type2355.229.4 Proximal type1057.145.7FNCLCC grade0.296 22761.339.4 3633.316.7Surgical margin (*N* = 32)0.231 Negative2456.745.4 Positive850.012.5Adjuvant radiotherapy0.769 Done657.832.1 Not done2750.050.0Adjuvant chemotherapy0.239 Done354.831.3 Not done3066.766.7Local recurrence0.149 Not occurred2353.753.7 Occurred1060.010.0*NS* not significant, *HR* hazard ratios, *95 % CI* 95 % confidence interval

Overall Survival {#Sec12}
----------------

At the final follow-up, 14 (32 %) patients were alive without disease, 4 (9 %) were alive with disease, and 26 (59 %) had died of disease. OS at 2 and 5 years was 70 and 45 %, respectively (Fig. [1](#Fig1){ref-type="fig"}c). Univariate analysis showed that AJCC stage (*p* \< 0.001), lymph node metastasis at presentation (*p* = 0.008), distant metastasis at presentation (*p* \< 0.001), and histological grade (*p* = 0.019) were significant prognostic factors for OS. Multivariate analysis identified only distant metastasis at presentation as a significant prognostic factor (*p* \< 0.001) (Table [4](#Tab4){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}d).Table 4Univariate and multivariate analysis of factors influencing overall survival of all 44 patients with epithelioid sarcomaVariableNo. of casesUnivariate analysisMultivariate analysis2-year OS rate5-year OS rate*p* ValueHR95 % CI*p* ValueSex0.410 Male3068.150.0 Female1471.435.7Age at presentation (years)0.704 ≤301673.736.8 \>302867.051.0Location0.289 Distal2080.052.5 Proximal2460.738.7Depth (*N* = 43)0.893 Superficial1266.733.3 Deep3173.153.6Tumor size (cm) (*N* = 39)0.335 ≤52272.746.2 \>51763.136.1Stage (*N* = 41)\<0.001NS II1883.357.0 III1272.748.5 IV1132.70N0/10.008NS N03378.057.2 N11145.511.4M0/1\<0.0018.5703.094--23.736\<0.001 M03381.157.7 M11132.70Morphological subtype0.124 Classic type2680.653.2 Proximal type1852.632.9FNCLCC grade0.019NS 23274.356.5 31256.218.7Surgical margin (*N* = 32)0.396 Negative2478.356.9 Positive887.558.3Adjuvant radiotherapy (*N* = 33)0.704 Done683.355.6 Not done2780.858.0Adjuvant chemotherapy (*N* = 33)0.414 Done366.766.7 Not done3079.257.2Local recurrence (*N* = 33)0.147 Not occurred2381.662.7 Occurred1080.050.0*NS* not significant, *HR* hazard ratios, *95 % CI* 95 % confidence interval

At 2 and 5 years, the OS of the 18 patients with proximal-type ES was 53 and 33 %, respectively. This was worse than the OS of the 26 patients with classic-type ES, i.e. 81 and 53 %, respectively (Fig. [1](#Fig1){ref-type="fig"}e).

Discussion {#Sec13}
==========

ES is an aggressive but rare soft tissue tumor with severe consequences, even with currently available multimodal therapy. Risk factors for OS of ES patients have been reported to be large tumor size,[@CR2],[@CR15]--[@CR17] deep-seated occurrence,[@CR2],[@CR15],[@CR18] proximal location,[@CR2],[@CR8],[@CR9] local recurrence,[@CR15],[@CR18] lymph node involvement,[@CR2],[@CR10],[@CR18] mitosis, necrosis, hemorrhage and vascular invasion.[@CR2],[@CR16],[@CR19] However, because of the rarity of ES, few data on its clinical behavior or the survival of affected patients are available. Recently, the proximal subtype of ES has been reported to have a poorer prognosis than the classical type.[@CR6],[@CR7],[@CR9]--[@CR11] Rekhi et al. reported that proximal-type ES included a slightly higher proportion of M1 tumors (43 %) than classic-type ES (35 %), although the difference was not statistically significant (*p* = 0.61).[@CR10] In our present study of ES, the proximal type included a significantly higher proportion of M1 tumors (44 %) than the classic type (12 %) (*p* = 0.015) and tended to have a higher proportion of N1 tumors (39 %) than the classic type (15 %), although the difference was not statistically significant (*p* = 0.093).

It has been reported previously that 65--80 % of ES cases were classified as FNCLCC grade 2 tumors and 20--35 % as grade 3 tumors.[@CR9],[@CR10] In addition, it has been reported that proximal-type ES included a higher proportion of grade 3 cases (64--73 %).[@CR9],[@CR10] In addition, in our present study the proximal subtype included a significantly higher proportion of higher-grade tumors (67 %; *p* = 0.045). Histologically, proximal-type ES frequently shows rhabdoid features.[@CR6],[@CR7] Hasegawa et al. revealed that 14 (70 %) of 20 cases of proximal-type ES contained rhabdoid cells.[@CR7] We also observed a higher percentage of rhabdoid cells in proximal-type ES (83 %) than in classic-type (35 %) ES (*p* = 0.002). Proximal-type ES also showed a significantly higher rate of vascular invasion (50 %) than classic-type ES (13 %) (*p* = 0.007). To our knowledge, no previous report has mentioned the incidence of vascular invasion associated with ES subtypes. These results indicate that proximal-type ES has a more histologically aggressive nature than classic-type ES.

Deep-seated tumor localization has been reported to be an independent risk factor influencing LRFS.[@CR12] In our present study, a superficial location and lymph node metastasis were independent risk factors for local recurrence. Although this contrasts with previous reports, our finding could be explained by the higher number of superficial tumors in surgically more challenging sites, such as the perineal and inguinal regions, compared with other case series.[@CR6],[@CR7] In-transit metastasis is defined as a type of metastasis in which cancer spreads through a lymph vessel and begins to grow more than 2 cm away from the primary tumor before it reaches the nearest lymph node.[@CR20] Although in-transit metastasis has not been reported in ES, it may play a role in inducing local recurrence in soft tissue sarcomas, especially when there is a high potential for lymph node metastasis. This mechanism could explain the higher rate of local recurrence of N1 tumors in our present series.

ES has been reported to have a high rate of distant metastasis ranging from 40 to 57 %.[@CR12],[@CR15]--[@CR18],[@CR21] The rate of 73 % recorded in the present study is higher than in previous reports; however, this could have been because a substantial number of cases in our series were either at a high tumor stage (N1 or M1 tumors, 39 %) or were recurrent cases (43 %) at initial presentation.[@CR12],[@CR18],[@CR22] The most common initial sites of distant metastasis in our series were the lung (45 %) and distant lymph nodes (43 %). Independent risk factors for DMFS have been reported to be large tumor size,[@CR22] deep-seated location,[@CR18] local recurrence, and regional lymph node metastasis.[@CR12],[@CR18] In our present series, the presence of lymph node metastasis was the only independent risk factor for DMFS.

The OS rates at 5 years for ES have been reported to be 32--78 %.[@CR12],[@CR15]--[@CR18],[@CR21] In our series, the OS rate at 5 years (45 %) was relatively low but within the previously described range. We found that distant metastasis was the only independent factor predictive of a poor outcome. This would likely have been due to the limited number of ES patients, as well as the relatively short follow-up period (median 26.5 months).

It is still debatable whether prophylactic lymph node dissection is beneficial for ES patients.[@CR12],[@CR15],[@CR17],[@CR21]^--^[@CR23] In the present study, lymph node dissection was indicated only when lymph node involvement was observed by diagnostic imaging. As lymphatic relapse was the most critical factor associated with poor outcome in both types of ES, it will be necessary to improve the detection and treatment of such lymphatic spread. Currently, we perform PET-CT examinations on all ES patients, and if lymph node involvement is suspected, we perform serial lymph node dissection and adjuvant radiation therapy if the resected node is histologically positive.

Conclusions {#Sec14}
===========

We found that proximal-type ES had significantly higher clinicopathological aggressiveness than classic-type ES, and was associated with a proximal tumor location, a higher tumor stage, presence of rhabdoid cells, a higher tumor grade, and vascular invasion. Lymph node and distant metastases had the most critical impact on prognosis. Taking the rarity of this tumor into consideration, the number of patients in our series might have been too small to allow any definitive conclusion to be drawn. Therefore, further validation using an independent cohort of patients with ES is needed. Despite its slow growth, ES can be extremely aggressive when disseminated, and currently no useful treatments are available. Novel strategies are therefore needed to improve the survival of patients with these highly aggressive sarcomas.
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